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CONFIDENTIAL 
X      , _.rr^*"^~"" '^TT»»»1,     AbSTRACT 

TiliÄi?Äöfti*JSejtiArt covers  the  studies end investigations  on the 
SECRET CnMFlUS ' 

spectral reflectance 8nd ebsorption characteristics of camouflage paint 

ma tedLals and natural objects in the spectral region between 0.4 end 15.0 

microns. 
UNCLASSIFIED 

The report discusses the development of an instrument for the 

spectral reflectance measurements and presents spectral reflectance data of 

both camouflage paint materials and netural backgrounds.  It is shown that 

e consider."-ble degree of perfection was achieved in the instrumentation 

end the method for the measurement of the "total diffuse" infrared reflec- 

ts nee of camouflage materials. 
VCI A QQ icr rc-p 

h  special Btudy was also conducted on sulfur to determine its 

suitability as a reflectance standard in the infrered. 
ASS IF IED 

The effect of pigment particle shape on the wacer absorption of 

a paint and the resultant effect on the paint's infrered reflectance was 

studied and the results ?'- shown by spectrophotoicetric curves. The biding 

power of selected pigments end paints was studied as B function cf wave- 

length. 

The report concludes thats 
ÜNCLASS IF iED 
a) A satisfactory instrument together with a method has been devaloped 

for the measurement and evaluation of the infrered reflectance of camou- 

ge materials. 
"'»junooir leu 
b) A form of arl'fur has been found as a suitable standard for comparing 

liege materials, 
yi'vurtooli'  ICO 

- its infrared reflectance with that of diffusely reflectirg camouflage 

.■ - 

materials. This sulfur may bs described as a *'indly divided form containing 

1.    r,                ^„     -^ 

1 ujLlMilAL          "
KX 
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rnNFlRFNTIAl 
at least 305£ or more  carton disulfide-iasoluble  sulfur,   g . , .„ 

In rlowers of Sulfur cr in a vaporized and quenched  sulfur. 
UNCLASS/F.'ED 

c) The water penetration of camouflage paints of the alkyd and  emulsion 

types  is dependent upon the pigment selection and the particle shape of the 

pigment. 
UNCLASSIFIED    ■ 

d) Generally the spheroidal,  hexagonal or platy pigments showed higher ' 

resistance  to water penetration than the ac5.cular.or cubical shapes. 
F 1E D 

e) The effect of water immersion of -4 to 24 hrs. had very little effect 

on the reflection spectrum of elkyd resin and of acrylic resin emulsion 

paints. Only slight lowering in reflectance was noted-after 72 hrs. of 

immersion. Pft".!nnEMT|äl JRET uunriUuiIIflL 
f) Tue hiding power of ths camouflage paints end pigments tested is 

definitely a function of wavelength and must be considered for camouflage 

purrxisfts in ' tc 15 microns. : 

g) Ho C' bested accomplished complete hiding when applied 

in ap     itely 1 mil dry film thickness en e highly reflecting aluminum 

surface and \wavelengths to 15 microns. 

4       CUlFlflfc' ^ h) Very II       -anc« in the infrared region, especially beyond 3.0 

Morons, can be achieved by applying camouflage paints over a black primer 

which will approach the low reflecting characteristics of most background 

materials beyond 3«0 or 4.0 microns. 

It is recommended that; 

UNCLASSIFIED 
a) The information contained ir the reports of this contract 'e used 

as a basis for cemouf"*ge purposes in the infrared region of the spectrum. 

^CLASSIFIED 
b) Consideration De given to a  two-coat system-^ where applies1- 3,  to 

utilize the  transparency in the  infrared of the outer camouflage coatin«. 

c) Primer materials be utilized which combine good rust inhibiting 

. 

■" 11 «i -'• 1 ■" "'" 11 7i ' -i  ,i '".in.-1 --'■;»-?• IT 
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 This project  is  ccr.c-irr.e 

f nn-'FÜiENTIÄL ,   . , 1«  rae treveTopment d  suitab 

p.vri n C M T1AI LUiMr lUtii i IAL 
II,   PURPOSE AND SCOPE 

>ject„J.a ccncarr.ed with 

bie instrumentation fcr the measurement of 

the reflectance r.nd absorption characteristics of camouflage print materials 

rnd of certrin groups of natural materials generally considered es background 

tc camouflage paint applications,  in the spectre]   region between 0.4. and 15 

microns. A study not provided in the original prcgrrm was found tc be 

n-cessaryj   that is,detei'miacticn  of a reliable standard fcr the infrared 

reflectance cf diffuselv reflecting surfaces. 
UNCLASSIFIED   • 

2.  The study of a  selected group of natural background materials such 

as certsin leaves,  barks,  grasses,   sends and soils.    The spectre  obtained 

tre  compered with  those of points end pigments obtained in later paragraphs 

cf the studies, 

3*  The cc ;n of the changes in the reflectance spect,rr  of 

camouflage paints caused by £ change in the particle shape of the pigmen- 

tation,  by exposure of the paint to wpfefer, and by the re-drying of the 

paints.    In some selected Instances,  the water immersion was supplemented 

by salt vntsr imEersion. 
•  ho 

L,  The study of a group cf eight pigments end psinta with reference 

to the relation, between their hiding power (in the visible range) end 

their reflectance characteristics tc 15 microns. The hiding power WFS 

therefore determined,to 15 aicrcns for esch of these paints, as the ratio 

between their reflectance on bleck and on polished elumimia« 

-'CLASS IF IEO 
on the results of this investigation it has been possible' trc^r?    rt-l 

to present e   ^c\,^. cf cc LS end  recccwendetions for the application 

End further development cf the findings of this werk. 

COMFlDE^TjA? 



UNCLASSIFIED 
The scope of the investigation was extensive,end it required 

great effort end enthusiasm on the part of each ens connected with the 

work for its completion.    The project was under the direction of 

Dr. Max Kronstein, 'Reseerch Associate.    The Instrumental development end 

its application was done by Mr. Robert J. Kreushaer, Research Assistant. 

The preparation of the test samples and the supervision of the work on the 

Beckmsn Spectrometer   was in the hand of Mr.  Robert Roper, who was 

assisted by Mr. Max Rehfeld.  The work of assembling the.data and the 

preparation of the reports was dene by Mrs. Marion ward Kronstein. 
UNCLASSIFIED 

The group wishes to express their sincere appreciation at thi3 

time to Mr. Robert E. Deecle, Project Advisor,for his ccntlfiued cooperation 

and counsel throughout the many phases of the development, 
- 

For c-ssistancs In the instrumental development,*« wish to thank 

also Mr. A. R, Dennett of The Eppley Laboratory, Inc, manufacturer of the 

Golpy Detectors used en the project]and Mr, Paul A. Wilks and the engineer 

group of The Perkin-Flmer Corporation, manufacturer of the Model 12-C and 

Model 112 Scectrometera which were used on the projeat. 
UNCLASSIFIED 

We wleh to thank those who assisted in epeciel aspects of the work 

ßs they arose; .namely, Mr, Fred A. Bear of North American Philips Company,Inc. 

for his .experimental assistance in the x-rey diffraction studies of sulfur, 

end Mr. James A. Amlck of the R.C.A,Laboratories In Princeton, Sew Jersey 

for his assistance en the seme problem. 
j ^CLASSIFIED 

In conclusion ,  the group expreesgs the hope that the results will be 

found to be of practical use for the problems for which the work 

undertaken, ... 

li    U3BB 

• 



Ill«  FACTUAL DATA AND OBSERVATIONS 

U i ..;.-; E , 1.   INSTFUMENTATION     U NCL A S S I   ' [ E D 

AJL DEVSLO^iEKT CF AN  IHSTRUMENT FGH SPECTRAL nSFLECTANC.E MEASUREMENTS. 
a..STATES ■TftF THE PROBLEM. 

: a preceeding project  (Contract No.  DA-^-009 eng-652)  en 

att?:h^: .'-. v-.s developed for use on a  single beam Perkin-Elmer Infrared 
l 

Speciro  :;ter whereby a Ejr-ie.ii of airrors directed the beem from the exit 

slit of  the monochromf:tor through tin entrance hole of a Coblentz Hemisphere 

to the    est sample.     Hare  that beaa'cf knc vglength positions was a.?ed 

for the  Illumination of a test sample        nted" in*the hemisphere}  and  -,.th 

a Cr-vls>  r\ lector the total diffuse re: ice of the sample under one 

.n by the beam of known wavelength was measured.    The Oolay De- 

was connected with the recorder of the Perkin-Elraer"instrument and 

as t chart reading was thU3 obtained. 

In order to compare the infailing illuminating energy with the 

.eflected energy and 3_n order to calculate accorcr he percent 

ince at each wavelength,  the detector was modified in.a manner to 

Its movement aately with the position cf the .'ample.    Hereby 

ves were obtained:  first the Oolay Detector was ~Tnto  the posi- 

t' the specimen and the spectrum curve of the illuminating beam was 

:: :.. --',    he detector was then moved to its alternate position, which is 

II stance as the sample from the center of the hemisphere,  and the 

äjSs&le-cted energy of the  test sample was determined on  the recorder chart. 

Certain correction factors were applied in the evaluation of the 

the  two charts,  point by point,  which  took into consideration 

-.-. - .' ra i :h prevailed in that te! t   .st-up.    : 

tjic     specta rile*        "rumeniation which requirad im- 



llKiSK?-..    -W~- *—"*■ ~ 

provement are noted below: 

1) The illuminating been passed through an air space from the spectrometer 

to the hemisphere» 

2) The illuminated eren on the test eemple was Blit-ahP.psd, while the win- 

dew of the receiving Golay Detector was round, 

3) The sample table, es well e-9 the detector, was not sufficiently rigid, 

TniB cnu»sd a higher nolee level than WEB desirable in the re&dingi, 

4) The spectrometer waa not s&unted as rigidly sg was. depirable, 

5) The QOIEV Detector required a. nuaber of dry batterlse as veil as t 

wet battery. This resulted in variation in en§rgy,due to the deoay cf the 

' • battsvlee,during a working day and oauisd a continuous drift of the SSFO 

lint in tht Charta, 

6) All correction factors'lied bsen tesed on tho comparison with the 

reflectance of a first surface rhodium mirror as atandard. It was felt that 

the reflection from a flat first surface mijror vae much »or* unidirectional 

at the wavelengths under consideration than that froa Irregular surfaces 

such as those of pigment powders, pigmented paints, eands, leaves and barka 

of trees» Therefore, it was necessary to find a sore suitable standard which 

reflects diffusely in a manner more, nearly like that of the gasplea which were 

to be cespared. Such a standard was necessary to rainiaize errors which would 

be caused by large differences between the goniesatrlc properties of the 

BM9to&Ä&$fl?1i?£the 8flE?le3" 
b.NEW DgVELQFMSNT 

Work was undertaken to correct these aspects of ths ssrller set-up, 

A new reflectance attachment was built of heavy steel and screwed 

onto the spectrometer'In euch a manner that the nitrogen filling the spectre- 

6, 

) 
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meter filled the reflectance attachment also. (Figurs 35, Second Technical 

Report). la this manner readings were made under nitrogen. The spectrometer 

itself was bolted to a heavy steel base-plate which ves  mounted solidly on 

a footing of cement building blocks.  (Figures 57 and 53 pa pages 8 and 9). 

A new Golay Detector was obtained having s window the same shape 

as the slit in the hemisphere. (Figure 3A,  Second Technisal Report). 

A new model amplifier for the Golay Detector, which required 

a wet battery only, WHS obtained. Hereby, two wet batteries were used In 

rotation, with one battery being recharged while the other *"ss in use. The 

strength of the signal of the Goley Detector was tested after each run, end 

it WES determined that no error wes introduced due to the drop in voltage 

as a function cf time. Furthermore the background, or the spectrum of the 

infslling illuminating beam, is determined for a limited wavelength range 

of a few microns only. Then the reflection spsetrom Is determined fcr the 

seme wavelength range. The procedure is repeated f<       \  ranges, a 

few     - at a time, until the entire range of 15 microns has beta 

covered. In this manner the zero drift, due to battery life decay, was 

largely eliisinated» 

Certain types of sulfur have been studied and evaluated as a 

standard for diffusely reflecting materials. This research group feela that 

the question of the standard to be used in the evalu ^ion of the ratios is 

of raich greater importance than had generally been assumed, and that the 

use of the rhodium mirror in the determination of the calculation factor 

will cause figures which are too low when applied to a'Cfusely reflecting 

materials. The use of sulfur as a standard is discussed in detail 

in this report on psgse 18 if . 

7. 

( 
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FIGURE 57 
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I - Light »oyrce 
D - Raftecftofl/^rrer tyifsm hovafng 
G - Concrete 'cwdoHon 
H - rbwsr^DcSy 

J - Amplifier for defector 
K - Control panel 
L - Recorder 
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FIGURE 58 

A - SpsctfOfBater 
8   - Lfgh» Mwce 

C  - Uccffcn cf e*f| beam 
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9 - Tfr^'i   -fa.    ii 
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FIGURE 53 

A - Sp»«hwnefer 
t   - UgM source 
C   - Location of exit beam 
D - lefit r» tytfffm homing 

■ 

* f \' '"^ f 
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H - Power lupply • 
f  -   «,-Rp!if"*r fe spectrometer 

■   "- • --' ;"•— -' 

M - Scfmry charger 
N - Bsftery box 
Q " Tubing for nlfroge« 



■■- ■■■■' 

During the ccurss of the contract work it becfpH necessary. 1U6 

to an accident,  to replace the Model 12-C single bean, s ir;le pass sppctrcnieter,- 

vith the approval of the sponsor,-with the Model 112 sir-. ; beam, double pass 

Perkin-Elaer Spectrometer., The comparative specifics-io:  for these two 

Instruments are given in TABLE 50, page 11* 

With this new model, the operation Of the two CiCipers required ior 

the Bonochromator end for the Golay Detector was improved './ having the axle 

which operated the chopper of the monochromator extended h A  attaching the 

chopper of the Goley Detector on the same axle. 

•oh greater energy in the source of radiation ' *t & cbtained by the 
■ 

effs     use of the Stupeioff ' "of the Glctir. : In earlier 

work the Glowsr had had an average "life" of only 20 hrs. and 

reciably lower than the rated 100 hi? for this device«. 

Tests were made which showed I      cause of the failx re of the Glovers to 

be the     ock at the connection points of the glowe.-, To alleviate this, 

a Variac was placed in the electric«! circuit and used ,n the following 

aaoner; 

1) The ?ariac was set to apply approx» 50 volts across the transform-. 

2) A gas torch vas applied  %: r element until a light or 

color vas observed» 

3) The 7ariac voltage was increased slowly until fc e Glover burned 

without benefit of the gas torch« 

4) The ?ariac voltage vas increased, in 5  volt in«.resents    over s fj 

■in«  period until 110 volts were applied to  the transfcrsacr. 

10. 
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TABLE 50 UNCLASSIFIED 

SPECIFI 
ATIQNS  rffi THE TWO PERKIN-ELMER SPECTROMETERS 

7 J 

PRINCIPLE 

MONOCHROMAI' 
3R 

SCANHING 
EEi)S 

OTION 

REPROKJCIBIia-l 

";., 

itr. of the Manufacturer) 

HCOEL 12-G 
Modul?   ed  single beam. 

Single p. Ks.f/i.5 

8 nia« to 4 hrs for rock 
■ (average ":! 

16 r13*) Automatic speed 
c'j *...    wavelength drive. 

2, L,  3 or 16 sec, 90 
perc^at response» 

a-1 
prlsa) 

; 10« (rock 

0.0Q? M.. 

STRAY BADIAtXC ' Less than 5 P 
< 15,4* 1th grat 

1 

TRAKSMITTABCS 
ACCURACY 

*. 'i percent 

.- -1 

M 

TRANSMIT7AHCB 
REPRrDUCIBILIH 

j.:5 percent 

MODEL 112 
Modulated single beam. 

Double pass.Littrcw mounting, 
27 cm focal length,effective 
aperture f/4.5,prism face 60 
x 75 ans, effective prisz: base 
300 mm \u  traversals). 

Average is 22 min. for NaCl 
region. The r  '  peeJs are 
1, 2,  end 4 min. par revolution 
of the war      drum. C nge 

6 mounted on the back panel 
of the drive msy be ujed to mul- 
tiply these speeds by factors of 
£> 4, f or £• 

2, 4, 8 and 12 sec, 90 percent 
response. 

Batter than 1 cs>     at 850 csP*- 
(NaCl)s 

0.01 «icrono at 2 microns;0.003 
isicrona at 15 microns     aCl 

(SCA'     °.ADIATIOS)iLeas than 
0.1 percent throughout its range, 

0 

0.2 percent 

ÜWC/.4S3/-JEÖ 

11. 



cj)  Operation was then continued normally until completion of the tests. 

6) To extinguish the Glower, the Veriec voltage was lowered gradually 

until the Glower was of such a color/temperature that the current was insuf- 

ficient to maintain the temperature. This generally occurred st about 40 

volts across the transformer, and the time required was approximately 5 ain. 

Using this procedure the following operational results were obtained: 

Glower #1 operated epprox. 130 hrs and ignited epprox. 20 timesj Glower #2 

operated epprox. 220 hrs. and ignited epprox. 35 times. Glower #2 was still 

in good condition at the end of the tests.  The electric circuit end the 

mounting of the Stupakoff Glower are shown In FIGURE 59 on page 13 . 

With this source of greater energy It was possible to use the 

spectrometer over a wide" effective range . /-Iso the new model Golay Detector 

had a wider effective range of sensitivity than the earlier Golay Detector. 

Toe manufacturer specifies that the detector has "unifora sensitivity from 

the ultraviolet through the visible end the infrared to the micro-wave region". 

The improvement of the elit-width in operation iß shown in T/ELE 51, page 14 . 

the resolution of the instrument is'Bhovn in TABLE 52, pegs 1% 

With these improved conditions It was possible to na/e measurements 

i-ct'2,  about 0.7 to 15 microns without the change in prisms which hed caused 

difficulties in operation in the work of the earlier contract. 

The calculttlcn of the dram readings into microns is shown in TABLE 53, 

pages 16.end 17. 
UNCLASSIFIED 

In looking ahead to possible further improvements it might ba noted 

that the instrument might be easier to operate with the new constant energy 

drive system which Perkin-EJaer Corporation has brought to the market.    This 

came too late f-o be included in the experimental werk of the contract. 
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UNCLASSIFIED 
TllhK 51. ^^^ 

aJT WIDTHS USED Wim: ffi& iasiEUHssia. 

OPERATIMG WITH MODEL 12-C  (  SINGLE PASS) 

WAVELENGTH 
MICRONS 

0.5 

0.6 

0.7 

0.8 

0.? 

1.0 

1.5 

2.0 

4.0 

5.0 

6,0 

7.0 

S.O 

9.0 

AU.U 

11.0 

u.o 

HITB ü-ui-uL, ixxi DOUBLE PASS) AND 
 EI2L5HIE4EJEE_QLaEEB  

EARLIER DEVE- 
LOPHEMTi 

.MICRONS 

35 

35. 

35 

65 

90 

250 

350 

350 

600 

900 

900 

1400 

.:: x 

woo 

2000 

I.MOOSE OF WAVELENGTH--. 
THIS CONTRACT RANGEi 

MiCPnwR _    KlfiEQEfi.  

100 

60 

55 

18 

950 

2000 

0.545 - 0.6 
0.6-00 - 0.7 

0.7 

D.85 

0.9 

- C.S5 

- 0.9 

- 1.02 

- 2.4. 

2.4  - 2.9 

12.6 _ 13.7 

13.7 - U.4 

U.*4 - 15.0 

FINAL ?40PEL{ 
SLITiKICRQNS 

200 
140 

90 

55 

35 

25 

25 

18 2.9 - 4.0 29 

23 4.0 - 4.5 38 1 
55 4.5 - 5.5 49 

72 5.5 - 6.45 70 

94 

130 6.45 - 7.95 90 

• f 3» 7.95 - 9.7 130 \ 
175 • 

: 240 9.7 -12.6 200 i 

izo 

6*A 



TABLE Sg. UiNiJi-A£>S> ir »c»-» 

COMPARISON OF THE RESOLUTION  OF THE  INSTRUMENTS 

WAVELENGTH BANE PASS OF THE SPECTROMETERS 
(MICRONS) .       gOP& . 12    C                                                   «ODEL 112                    T 

MICRONS »NGSTFOKS                   MTHRONS ANGSTROMS 

1.0 O.OC038 3.8       • 

1.5 O.OOS95 S9.5 

2.0 O.OI625 162.5 0.0030 30.0 

3.0 0.0260 260 0.00498 49.8     ' 

4.0 0.0.20 520 C.CJ615 6l.5 

5.0 0.0630 630 O.OO625 62.5 

6.0 0.1190 1190 O.OO62 62.O 

7.0 0.1243 1243 O.OO624 62.4 

S.O   ' 0.1020 ' 1020 O.OO635 63.5 

9.0 0.1365 1365 O.ÖO64 64.O 

10.0 0.1720 1720 0.0072 72.0 

11.0 0.154,0 1540 0.0092 92.0 

12.0 0.2195 2195 0.0130 130.0 

13.0 0.2692 2692 0.0128 ;-;.--.0 

14.0 O.24.9O 2490 0,0212 212.0 

15.0 0.2239 2289 0.0217 217.0 

The Bend Pass &X.  was calculated using the following equation taken froa the 
Instruction Manual for the Perkin Elmer Infrared Equipment Vol. I ?IG 8B • 

A> - A\«   t A /\ >  stA »,3^/s / 

Hereby is .44 .'}p the prismatic resolution for infinitely narrow slits 

and  Zi.0.o .. the incremental resolution for 0.1 »I slit width (Half 
energy spectral slit width) 

The slit width used for the different wavelength ranges is given In TABLE *I 
on page U of this report. r-£    -   - ' ' 

15. 
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TABLE   53e UNCLASSIFIED 

CALIBRATION OF THE PERKIK-ELMKR MODEL 112 SPECTROMETER AT THE END OF WORK 

DRUM 
READING 
2480 
2470 
2460 
2450 
2440 
2430 
2420 
2410 
2400 
2390 
itpöO 

2370 
2360 
2350 
2340 
2330 
2320 
23 LO 
2300 
2290 
2230 
2270 
2260 
2250 
2240 
2230 
2220 
2210 
2200 

2170 
2160 
2150 
2140 
2130 
2120 
2110 
2100 
2090 
2030 
2070 
2060 
2050 
2040 
2030 
2020 

Oc 

0. 
Oc 

0. 
0. 
0, 

WAVELENGTH 
(MICRONS'* 
0.412 
0.433 
0.446 
0.457 
0.465 
0.473 
0.480 
0.486 
Oc492 
0.497 
0.501 

= 506 
,511 
,516 
,520 
■ 524 
.529 

0.537 
0.545 
0.553 
0.560 
0.566 
0.572 
0.573 
0.583 
0.5S8 
0.593 
0.597 
0.601 
0,605 
u.bOV 
0.612 
0.616 
0.619 
0.621 
0,624 
0,630 
0.710 

DRUM 

2010 
2000 
1990 
1930 
1970 
I960 
1950 
1940 
1930 
1920 
1910 
1900 
1890 
18S0 
1870 
II 30 
] 850 

? 
1830 
1820 
1810 
1800 
rj o 
17S0 
L 70 
1760 
1750 
1740 
1730 
1720 

7 0 
1700 
1690 
1680 
1670 
1660 
1650 
1640 

0.725 1630 
f\   n >f\ 1620 \i* f «4-w 

0.760 1610 
0,780 1600 
0,800 1590 
0,820 1580 
0,845 1570 
0,870 1560 
0.900 1550 

(Continued on 

WAVELENGTH 
\MICRQN5j_ 
0,940 ' 
0,975 
1,005 
1,050 
1.095 

1.200 
1, 
1, 
1, 
1. 
1< 

285 
360 
450 

. 50 
690 

1.860 
2,040 
2.210 
2.420 
2,670 
2,870 
3.020 
3 = 210 
3.620 
4.01 
4.05 
4.18 
4.30 
4.50 
4.70 

.  4.95 
5.10 
5.25 
5.38 
5.50 
5.63 
5.78 
5.93 
6,05 
6,20 
6.33 
6,45 
6,53 
6,63 
6,30 
6,93 
7,05 
7,18 
7,28 
7,33 

next pi ge) 

DRUM WAVELENGTH 
READING (MICRONS) 
1540 7.55 
1530 7.65 
1520 7.75 
1510     - 7.35 
1500 7.95 
1490 8.05 
1480 8.15 
1470 8,25 
1460 3,35 
1   / CA rt      , ft- ■J-4-Ai O.4.U 

1440 3,50 
1430 8.60 
1420 8.70 
1410 3.75 
1400 8.85 
1390 8.95 
1330 9.00 
1370 9.10 
1360 9.15 
1350 9.25 
1340 9.35 
1330 9.40 
1320 9.50 
1310 9.60 
1300 9.70 
1290 9.80 
] -30 9.85 
1270 9.95 
1260 10, 00 
1250 10.10 
1240 10.20 
1230 10.30 
1220 10,40 
1210 10.45 
1200 10.50 
1190 10.60 
HSO •xn   nt\ 

1170 10.75 
1160    , 10.80 
1150 10.90 
1U0 11.00 
U30 11.10 
1120 11.15 
UIO U,25 
1100 U.30 
1G0C 11.40 
1080 11.45 

If 



W£ J&*. (Continued) UHQLASS lr J^D 

i . 

DRUM 
READING 
1070 
1060 
1050 
1040 
1030 
1020 
1010 
1000 
990 
980 
970 

?50 c:c 

910 
900 
690 
880 
670 
860 

10 
800 
« 7W 

770 

■■;-.■ 

74.0 
Tin 

720 
710 
700 
690 

WAVELENGTH 
JMICEONS). 
11.55 
11,60 
11,65 
11.75 

. 11.80 
11,90 
11.95 
12.00 
12,10 
12.15 
12.20 
12o30 
12.35 
12.40 
12.50 
12.55 
12,60 
12.70 
12,75 
12.80 
12.85 
12.90 
12.95 
13.00 
13.10 
13-15 
13,20 
13.25 
13-50 
13,35 
13,40 
13.45 
13.50 
13.55 
13,60 
^3.65 
13.70 
13.75 
13.80 

DRUM WAVELENGTH 
READING fMICRONS) 

"\ 0   ön 
■*.>-   . ^ 

670 13 = 85 
660 13=90 
650 13.95 
640 14.00 
630 14.00 
620 14.05 
610 14.10- 
600 14.15 
590 14.20 
5S0 14.25 
570 ]     30 
560 14.35 
550    . I4.4O 
540 14.45 
530 14.50 
520 14.55 
510 14.60 
500 14. "0 
490  : H.80 
&^Wv H.90 

L5.Ö0 

17 = 



B^AST    '      D FOR DIFFUSELY REfLgCTINC Sl'r^ACES.       UNCLASSIFIED 
UNCLASSIFIED 

e.  STATEMENT OF THE PRObLEM 

The Instrumental procedure produces  two instruments1 curves en 

the recorder.    One is for the inlelling or illunir.fiting beam which impinges 

on the Gclay Detector end the other for the radiation reflected from the 

sample.    Merely,   the detector window first is in position to receive the 

laffilling beaaj  the position of the detector in the hemisphere is then- 

rotated in such a manner thet the aeinple attached to the detector re- 

ceives the infalling beam, et the same angle, end the detector window 

collects the reflected radiation.   (See Figure 60 below and Figures 34 and 

35 In the Second Technical Report.)    It is therefore possible to determine 

by calculation the ratio between these two curves for ell wavelengths. 

' it in view of the limitations inherent in the use of the Coblentz 

isphere in collecting what is expected to be the "total diffuse reflec- 

ts nee", it is necessary to compere t rured reflectance with a known 

standard of reflectance.    In this manner e correction factor is established, 

Si o« 

Figure 60.      iJNCLAS3 LT IED 

e. Detector in position to receive the infalling beam. 

b. Detector in position to receive the, reflected beam frca the 

sample or the standard. 



for this particular set-up,  by which the "total diffuse reflectance" may 

le calculated from the measured reflectance.-    The problem of the instru- 

mental limitations have been discussed ir. the Second Technical Report, 

page 9 ff.  and the question cf errors has also been discussed on page 52 

of the same report. 

Therefore,  it was necessary to provide for means of calculating 

from these ratio values the data which cen be assumed to be the true 

percentual reflectance values of any given test specimen at the various 

--avelengths«    This requires the determination of a "correction fector" 

for each wavelength based on the instrumental limitations as well as the 

difference between specularly reflecting surfaces end diffusely reflecting 

surfaces. 

In the visible and very near-infrared range it has been the 

practice to compare the specular reflectance of a spaciman with that of 

■  a rhodium mirror end to ccnoars the diffuse reflectance of a specimen with 

the reflectance of freshly smoked magnesium cxide.    At longer infrared 

wavelengths the use of magnesium oxide was not practical because of its 

low reflectance beyond approx. 2.7 microns.    It was necessary,  therefore, 

to find a different material which would provide a usable degree of con- 

stant and sufficiently high infrared reflectance in the range of the 

determinations which were in the scope of this project. 
UNCLASSIFIED 

b.STODI OF SULFUR ASM INFRARED F-EFL£CTANCE STANDARD. 

In the Fell of 1953, Agnew (1) pointed out this need for a diffuse 

reflectance standard for comparative measurements.    He postulated thet, 

for a radiation incident to the normal at sn angle i, en ideal diffusely 

reflecting pubstencs would approach e circular distribution of reflected 

(V) Agnsw.J.T;   . '   t&n,E„B;, JOSA, Vol. 13, p.999 {Eoveaier 1953), 

1?= 
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i 
I    - 

energy recording to the reletion: 

loss • rö cf i' My 
where the engl« between the line of observe tic» 2nd the noras! to thi 

eurfaee is j. 

Ke made pome Beaeurerente using for the angle i the eonstent 

cngle of 45° end yerying the angle j from £75° to e7QQ, except the range 

fres A0° to ffljfV   Seme metailics were studied, euch as finely divided 

aluaimua ( up to lOO-nseh), braeg- snd email tin pellet».    They vtra found 

to fee Köre des^rs-'bie than se id bieg ted us, whips     fes.§    ■ been consi- 

dered under this "current project. SOB« leai-aetellioi wgrs atudied, euch 

as g< ;     ' ?, dsrk powder of Issd (up to 100-aeeh)| lead oKide, 

iiljniua end tellurius.   Of thee» the in' red to be the sett 

ng.   Of the ncn-Kstell.ios, powdered eodius chloride, powdered 

glees and finely divided eulfur ware tested.   Of these, sulfur end sodiua 

chloride had the most premising cher-cteristice.    Agnew ccncludad that 

the chemical nature end cryatel structure have a pronounced effect fen the 

diffuee reflectance characteristics of a given subeianea, even of the 

isrsd materials; and he suggested that for further investigation the 

use of combinations of materials such as a layer of sulfur backed fay a 

flat, highly reflecting surface euch es polished aluminum should be atudied. 

In our current project a non-eatallic standard appeared to be the 

most desirable ami because of the aen-mstsllic nature of the materials to 

bs studied»    Of the noa-metallic materials it appeared most fultable to use 

™i:l whiel   would not !ep<   " er '■*- individual preparation,   ftueb M 

powdering, for its cosatant behavior.   As a stEs-lard, It VBB desirable to 

20, 



use E materiel which, under comparable conditions, would produce the seme 

reflectance when applied at different times end by different operators. If 

variations of any important order should occur, it would be necessary to 

know the cause of these variations end how to avcid the«. 

Under the current contract the use of sulfur as a diffusely reflect- 

ing stendsrd wss investigated further. It was soon observed that two types 

of finely powdered sulfur had completely different reflectance characteristics. 

The Flowers of Sulfur showed desirable stability in reflectance during 

preliminary tests, while the colloidal sulfur dropped in reflectance to a 

considerable degree at 2.2 microns. A study was m:de to determine why this 

difference in reflectance between the two different forms of sulfur existed. 

First, three different forms of sulfur wore considered. These were 1) a 

natural grown crystal of mineral sulfur, 2) colloidal sulfur (Fisher,Cet. 

Wo. S-597), end 3) sulfur flowers (Fisher,Cat. No. 5-591). Of these , 

only the Flowers of Sulfur appeared to provide the necessary characteristics 

for a comparative reflectance standard. 

The production methods of these three sulfurs were considered in an 

effort to better understand their behavion 

a, The sulfur crystal is the natural orthorhoabie mineral having the 

following chemical and physical propertiess 

Hardness 

Specific Gravity 

Refractive Index 

Fusible at 

Soluble in 

1.5-2.5 

2.05-2.09 

2.03S 

icaoc. 

CS-, 

X-ray pattern shows normal sysieiry. 

:       ' 



b. The colloidal sulfur can be produced either by vexy fine powdering 

of eulfur cr by chemical precipitFtlcn from certsin Eulfiuj solutions vith 

subsequent purification. 

o. Flown of Sulfur is produced by heeting eulfur to e point of eubli- 

risticn. The eulfur vspor is allowed tc sxpend into a lsrce chcabsr In en 

atmosphere of sulfur dioxide end nitrogen. Hers it cools rapidly and condenses 

into fins droplets which solidify to e product krown es Flowers of Sulfur, 

To undsratend this development chemically, the following approech 

hap been tejeen (2).    The natural crystalling sulfur is eesujced *o be the 

steels fora of rhombio sulfur,or the Alr>.e pulfur.    This t-ers for the etabl« 

r, which is soluble in carton disulflde, differentiates it from 

the Bonoclinie crystalline.Bete eulfur into which the Alpha eulfur changes Et 

Ebcut 95°C«    This too is soluble in carbon disulfiie.If the jplution ip cooled 

»W stout 43°C, however, a portion of the sulf-. es insoluble grid 

rates es Lambda sulfur, whereby   ?i sulfur re-sins In solution at that 

Bture % 

cus Mtaaulfur is a variety which is insoluble in cerbon 

■diaulfide.    It ie obteined by rapidly cooling very hot molten sulfur or 

eulfur vapor to normal temperature and by then removing the sc" ar- 

ieties by extraction with carbon dieulfide.    At normal temperatures .the 

Betasulfur rejsalns stable, but at about I04°C. it chenges quite quickly into 

tea Btonocllnic fora. 

If sulfur is near its malting temperature,  it Is assumed to be 

primarily in a Lambda fora or the molecular weight Sg and in the molecular 

configuratiofl of a ring. 

(2) fuller, V.M.,  «The Sulphur Data Book", HeGrsv-Hill Beak Co,,Inc,Sev York 
(19545 

! 



In besting sulfur above 1SC°C, this S« ring opens up in quantity 

to form an open chf.in mete-sulfur, such es (3): 

s s s s 
S  %   s %  f %  ^ 

s s s s 

Vith rising tempereture e polymerization of these open chains occurs end 

they reach their maxisua length et about 187°C.   ("viscous sulfur").    Beyond 

187°C.,depolys3rizEticn' prsveils increasingly with rising tempereture until 

the boiling point is reached.     At about 510°C.  in the vapor state the velue 

a in SQ represents en averege of 6| at 700 C,  the value Sn is S^. 

vapox   ,' in the production of Flowers of Sulfur consists 

therefore of a mixture cf short cpea-ehaia sulfur (principally S» and S^) 

together vith Sg rings, H^S and SOg.    upon condensation to the liquid phase, 

- öpen-chain fragment« polymerize rapidly ES in visccuu sulfur.    Hereby, 

the | ~z cf H^jS and other lEpuritieB causes chain terminating reactions 

..uritiaa.   Slault&neously another part of the substance netter 

crystallises into the stable 8-£ ! ring of rhombio sulfur end, under 

Brat« tssperatura condition in the chamber, the long oh? in sulfur 

stellizes into the mixed froa of sulfur known as Flowers of Sulfur. 

This ffiade it understandable that the difference in infrared 

reflectance between colloidal or unsubliaed sulfur and Flowers of Sulfur 

was caused by a true chemical difference.    Since this difference resulted.. 

from the difference in production aethod,  that is,  by the one being hested 

into e vapor phase during production and the other being produced either 

by very fine powdering of sulfur or by chemical precipitation from certain 

sulfide solutions with subsequent purification, it appeared desirable to 

include a fourth sulfur specimen in the study,  whose heating procedure and 

recovering method Bight cause an even more uniformly nested sulfur then 

(3)  Gee,  G.,   TRANSACTIONS FARADA2 SflCfrri,  Voi.Jl8,p.515-52* l\. 
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UNCLASSIFIED 

d.SULFURS USED 

Using now this  terminology,   the test specimens in our experi- 

mental work comprised  the following: 

1) A nature], crystalline rhombic-sulfur. 

2) A "colloidal"  sulfur which,   inspite of its very smell particle 

I                   size, wrs primarily a rhombic sulfur. 

3) Heat-transformed sublimed sulfur    (Flowers of Sulfur)  ,  which 

contain up to 30% in the insoluble Mu form by  the heat transformation. 

.       . U) Heat-veporized and quenched high-polymer sulfur consisting of   . 

about 99.5% sulfur with 85% to 93%.in the insoluble Ma form.    These 

percentual limitations cover the difference between the commercial 

grades and the pure grade obtained for this study. 
UNCLASSIFIED 

In further attempts to understand the sulfurs better sosa J-r« • 

diffraction studies were made.      The instrument which was used was the 

ELCO JC-r&y Diffraction Spectrometer.    (Appreciation is expressed here 

to Mr. Fred Eehr of North American Philips Company, Mount Vemon, Sew York 

and to Mr. James A. Amick of the E.G.A.Labor*torlos in Princeton, New Jersey 

for their Instrussntal assistance in the question of defining the standard 

material.)  The x-i fraction spectra are shewn in Figures 61 to 65, p.26-30, 

Here  the colloidal sulfur {Fig.  6l,p.26>.nd the sublimed sulfur 

' ^FiiSre ^3, 'page 28/■'tot^ 'similar    spaetra- ," .}  bit,  in egreeaent with 

1 the chemical facts mentioned earlier,  the Flowers of Sulfur showed a  Blight 
■ 

deviation from the spectrum of the colloidal sulfur in thflt some of the 

lines had less intensity than was the case with the specimen of colloidal 

sulfur, 

-O. 
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An additional specimen hed been produced by slowly besting the 

colloidal sulfur fco a temperature just approaching the melting point cf 

sulfur or to 6bout 110°C. This was dor.e because et around 96°C. the 

rhombic sulfur is being progressively transformed into the monoclinic 

sulfur. The specimen was thei allowed to cccl very slowly to room tempera- 

ture. Its spectra (Figure 62.) showed a definite indication'of broadening 

at the line appearing et 11.4 degrees. Otherwise, this specimen remeined 

the same es the collcidsl sulfur. 

The 3£.me test wts mtde en the sublimed sulfur. The spectrum la 

shown as figure 6/,. ■' 

Proceeding to the -insoluble Mu form sulfur ( the vaporized and 

quenched fern), the intensity relation between lines in the colloidal or 

in the sublimed eulfur and the lines in the insoluble sulfur were different. 

(Figure 65*). The Ma form sulfur showed strong lines in the spectrum 

which had not been present in the spectra of     ,er specimens.  The 

meaning of the results have been expressed as follows: that"if sulfur 

of the insoluble type were present in the other saarsles, it was to a 

relatively saall percent, less than 5% or so,and may not have been pr*s«nt 

at all". This corresponds to the fact that the "insoluble sulfur" specimen 

was bop consisting cf 85%  to 93% of the Hu for». The coUolcal eulfur in the 

Original for«     e one heated gradually to about 110°C. was not expected 

to contain the Ma form at all.   The Flowers of Sulfur,with its estimated 

30% Ku form sulfur content,had shown certain differences in intensity. Here 

the full content of l£i form had net shown up clearly enough in the S-r&y 

diffraction epectrua to permit a quantitative estimate of the Mx form content 

to be made. 

31. 
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In connection with the l-ray diffraction study, the attempt was 

made to use electron diffrection methods also, by cooperation of R.C.A.; 

'cat here the finely divided sulfurs hf.d the tendency of evaporating under 

the test conditions. Electron micrographs were taken, but they were not 

conclusive.     ,_ 
UNCLASSIF ituD 

C.   THg_CQRRSCT10N FACTOR" FOR DIFFUSELY REFLECTING  SURFACES BASED Og THE SULFUR 

oLt.iiüEMJ» 

Each of the four sulfurs was inserted in the sample holder next 

tc the"Golay Detector in the.same manner as test specimens.  Tine reflectance 

of £sch wes determined, In the sane manner ee with other samples} and. the 

ratio between values for the lnfalling beam and the reflected beam was 

determined. 

Since the sublimed Flowers of Sulfur appeared to be especially 

suitable for our work, a series of four determinations were Bade; and the 

average taken,  From these values, the curve "Flowers of Sulfur, average 

of 4 curves before correction factor" WEE obtained. This is shown in 4 

Figure S-l at the end of this report. 

The spectrum of the rhodium mirror was obtained and plotted before 

application of any correction factor, as shown in Figure S-2. 

Both of these curves were used in establishing the correction 

factors which were used on the applicable instruments! reflectance curves 

of the samples. The correction factors were obtained in order that they 

could be applied to all instrumental curves to obtain a final value that 

is more representative of a "total diffuse reflectance" measurement. 

The rhodium mirror curve was used for determining s correction 

factor for aatsriels which were of a similar type of specular reflectance 

32. 



as the mirror.  These were met*! surfaces, application of unpigmented 

varnishes, etc. This factor was determined by comparing the curve 

shown for the rhodium mirror, point by point, with.values obtained by 

the cooperation of the sponsoring agency end given in TABLE 5^,page 34. 

In the wavelength rauge to 2.7 microns, the rhodium mirror was 

measured relative to tragnesium oxide. 

In the same range, Flowers of Sulfur waa measured also against 

magnesium oxide and   the- rhodium mirror (TABLE 55» .pfges 35 end 36.). 

The measurement against magnesium oxide was calculated against 

the data for the absolute reflectance of magnesium oxid9 of Senders end 

Middleton (6) (TABLE 56). The values obtained here were u-ed 83 "total 

diffuse" reflectance values for the sulfur. 

From the data on the rhodium mirror and the sulfur, two correction 

factors were determined: one for specularly reflecting spsclsens based on 

+he ratio between the known reflectance data of the rhodium sirror of 

Table 54    he measured reflectance- data of the rhodium mirror shewn 

in figure S-2. 

The resulting ratio data are given in TABLE 57 and were used as 

the correction factor for specimens of similar character. 

The other factor vas used for diffusely reflecting surfaces and 

was obtained as the ratio between the "total reflection of rolfur* In 

TABLE 55 and the asasured average of four determinations given in FIGOSS S-l. 

The absolute data of the sulfur was not available over tha entire 

range to 15 n&crensf but,since the ratio reaained constant in the entire 

range except between 0.845 microns and 3 microns, the factor of 1.80 

waa applied to the wavelength region from 3 to 15 »Icroris. This fsctor is 

(6) SanäcrCjC, end Middle ten, E,E,H..,J08A, Vol.43, p.53 (Jan 1953). 
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RPbT,TRM. EhFUMTANtö Q£ 2H& BÜQfiiait MIBEQfi, ££ LJ££a ÜL WL CALCULATIONS. 

_-i^£LÄia.TH_Ill MICRON MrLMTAWftK TM *   ' 

0.4 
0.6 
o.s 
1.0 
1,£ 
1.4 
.1.6 
1.8 
:.o 
2.4 
3.0 
3.5 
4.0 

72.5 
76.3 
81.0 
82.0 
84 .o 
e*-     / C'-J. 4 

87.6 
98.4 
90.5 
91.4 
92.0 
92.5 
93.0 

5-° . 94.1 
-.0 
7.0 
*.0 
9.0 

IC.01  
■LX .0 OR    C 

i 2' • y 

94.5 
9/.. 8 
95.1 
95.3 

12.0 
13.0 

95.5 
95.5 

14.0 o5 * 
''    ; ' - 

THE DAT/ FfOM 0.4 TC 4.0 MICFONS WERE OBTAINED FROM THE NATIONAL 
U OF STANDARDS, THE DATA FROM 5 TO If     ~S    FROM EBDL . 

( THE ERDL DATA FROM 0.4 TO 4 MICRONS DIFFERED HO MORE WAP  0.7$ 
1 THE BBS DATA). 

34. 
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"i H* R      **c 

UNCLASSIFIED 
THE CALCULATION _Q£ „THE :QaL^Llimi EJC3HES UL. 

(  SPECTRAL REFLECTANCE MEASUREMENTS ON     VOX. ERDL SPECTROPHOTOIIETER KITH 
GLASS HEMISPHERE ; 

WAVELENGTH RHODIUM FLOWERS OF SULPHUR SULPHUR: TOTAL 
MICRONS REL.I^gO SULPHUR EEL. REL.BHOD. DIFFUSE REFLECTANCE 

MgO (USING 
DATA 

r ABSOLUTE MgO 
OF S»NR£*S) 

0.70 8A-4 90.7 107.5 
0.72 84.8 91.2 107.5 88.1 
0.74 85-2 91.5 107.2 
0.76 84. 91.0 IO6.5 - 87.7 
0.78 84.3 91.4 107. 
0.80 85,5: 91,8 107. 88.2 
0.82 85-5 91.7 107.1 
0.84 85. 91.7 109.8 
0.86 85.9 92.3 7.3 88.4 
0.83 ,4 92.7 107.1 
0.90 ■ S6.7 93.4 107.3 S9.4 
0,92 £6.4 93. 107.8 
0.94 S6 4 • 92.4 107.0 
C.96 86 S 93 107.2 88.7 
0. 92. 107.2 
1.00 87. 93. 107. 89.1 
1.05 87.6 93.7 107. 89.6 
1.10 .4 94.1 -.3 90.1 
1.15 .8 94-4 -.2 
i     ; r\ Ö.T    1 i 1 f\£:    C 
•J. t> KV w7 • ** ;!»«*. 
1.25 90. .6 305.   . -   ..- 
1.30 .7 95 104.8 90.3 
1.35 91.5 • 5 105. 
1.40 92« 95.8 104.1 
1.45 92". 2 A04« 

1.50 92.4 95.8 103.5 91.0 
1.55 .8 96.I 103.5 
I.60 93=2 96.1 103. 
I.65 94.5 97.1 102.5 
1.70 93.4 .6 104.4 
1.75 95.8 97.5 101. s 
1.80 96.8 97.6 100.3 
1.85 97.7 GO   1 101.5 
1.90 99.2 99.2 100 
1.95 100 100 100 94.1 
2.00 100 100 100 94.2 
2.05 99,2 99.2 100 
2.10 99.2 100 101 
2.15 99 100 101 
2.20 101 101.2 100.3 95.4 
2.25 101.2 102.8 101.2 
2.30  . IO2.5 xu3. a 101.2 

<« 



UNCLASSlr I ED 
JCAfiLE    55.(Continuej) 

■MB CALCULATION SI 

RHODIUM 

F TrTE CORRECT 'ION FACTORS IICCOI ITIBUED ) 

WAVELENGTH SULPHUR SULPHUR SULPHUR:TOTAL 
UTCRONS REL UsQ WSJ   UgCi    ■ REL.RHOniHII DIFFUSE REFLECT. 

2.35 103.3 105.2 101.8 
2.40 103.2 105. 102. 
2.45 103. 105.3 102.2 99.5 
2.50 103.7 IO6.5 102.3 
2.55 105. 107 101.8 
2.60 106.3 108.5 101.8 
2.6S 112.3 1U 101.2 

- - - '. 
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UNCLASSIFIED 
TABLE. Sät.' 

Tp GiikUyjIPJL QF THE, CORRECTION FACTOPS 111, 

THE   «ABSOLUTE»- REFLECTANCE OF MAGNESIUM OXIDE    ACCORDIKQ  TO THE DATA 
OF SANDERS A7i5Tlri~.iiWl:OHr.r5^^ TJ-AHOTETTTyS i 

(  AVERAGE OF THREE SPECIMENS ONE DAY OLD ). 

WAVELENGTH 
(JUCBQNBX. 

O.60 
O.64 
O.63 
Ö.72 
0".76 
0.80 
0.85 
0.69 
0,93 
0.97 
1.01 
1.05 
1,09 
1.13 
1.17 

1,26 
1.30 
1.34 
1-33 
1.42 
1,46 
J..5Q 

1,59 
i.63 
X,vf 

1.71 
1,75 
1.79 
1.83 

REFLECTANCE 
-.       *    _ 

97.1 
96.9 
9&.7 
96 .-6 
96.4 
96.2 
96.1 
9Q.1 
9&.0 
95,9 
93.75 
95.7 
95,6 
95.5 
95.4 
95.3 
95.3 
95.2 

94.9 
j: >.$ 

.- 
95.1 
95,1 
95,0 
94,9 

9A.9 
94.9 
94,6 
94.5 

WAVELENGTH REFLECTANCE 
„ I  

1.87 94.2 
1.91 94,0 
1.95 94.1 
2.00 94.2 
2.04 •    . 94.2 
2.08 94.2 
2.12 94.2 
2.16 94.2 
2.20 0/  2 

2.24 .94.0 
2.28 93.6 
2,32 93.3 
2.37 93.2 
2,41 93.3 
2.45 94,0 

G 

7 
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UNCLASSIFIED 
■  .JiELE   SU 

jCn:_^T..^T.flTTnN ny THL CQRi:hCTIGlLE£flI0££-I3L. 

2 "5 

njLEEADIÄL 
UP TO 2l60 

2150 
2140 
2130 
2120 
2110 
2100 
2090 
2080 
2070 

: 0 
2050 
2040 
2030 
:"' J 
2010 
2000 . 
1990 
1980 
IS 70Ü 
i960 
' :.T 
1940* 
i-   ) 

i 
i 
■'. ■ 

1910 
15 
1890 
'        • 
1670 
IStO 
1850 
1840 
1830 
1820 
1810 

' 1800 
1790 
17*0 
1770 
17^0 
1750 

FBOH 1740 OH 

0.&1& 
0.619 
0.621 
0.624 
0.680 
0.710 
0.725   • 
0.740 
0.760 
0.780 
o.eoo   • 
0.820 
0.845 
0.870 
0.909 
0.940 
0..975 
1.005 
1.05  ' 
1-095 
1,14 
1.20 
1.285 
1.36 
i.45 
I.56 
1.69 
1.86 
2.04 
2.21 
2.42 
2.&7 
2.37 
3.02 
3.21 
3.62 
4.01 
4.05 
4.13 
4.30 
4.50 
4-70 
4.95 

mmz (Mssm m 

FACTOR 
""l.OO 

x.ux 
1.01 
1.03 
1.04 
1.05 
1.05 
1.06 
1.06 
,     ~L    . 
X.UW 

1.07 
1.C7 
1.06 
1.06 
1.C& 
1.05 
1.04 
1.03 
? .02 

1.02 
1.01 
1.01 

1 
]. 3 
1,00 
LOO 
1,00 
1.00 
1,01 
1.01 
1.02 
1.02 
1.03 
1.03 
1.03 
1.04 
;.04 
1.04 
1.05 
1.05" 
1.05 
1.00 



tabulated in TABLE 58, yege  £0. 

Applying the fpctor for diffusely reflecting medie to the reflectance 

curve of sulfur shewn in FIGURE S-l end to the other sulfurs studied, the 

39, 

* 

I 
■I 

corrected reflectence curves ere obteined as shewn in FIGURES S-3 to S-6. 

FIGURE S-3 gives the sublimed sulfur (Flowers of Sulfur) end FIGURE S-i the 

vaporized"insoluble" sulfur; that is, the two sulfurs whicn contain the 

Mit    ¥.vr-.a    »lilfup. _ 

FIGURE S-5. shows the colloidal sulfur,  which Is microrhombic sulfur; 

fend FIGURE S-6 shows  the netural sulfur crystal,  which  is quite uniform in 

\ 
reflectance throughout the test  renge bat low In reflectcr.ee value and 

difficult to reproduce the surfaces in view of the character of the sulfur 

crystals.. 

As coiaperetive standard la studies on diffusely reflecting surfaces, 

the sulfurs which contain the Mu form are quite constr-ni until pest 1Q microns 

with £ typical absorption band between 10.5 ?nd 12.5 microns end.with s drop- 

ping off beyond 13.4 microns.    As the l&i type sulfur becomes sere rendlly 

available In great parity,  it Bight later replace the Flowers of Sulfur, Which 

la used es comparative standard in the present study.    But as FIGURES S-3 end 

S-L show,  such a change between  the  two sulfurs will have little effect on 

ths • -, deten is given in  this report. 

For eompfrl^en,  FIGURE S-7    shows the  spectrum of the oagneslua 

le powder with its sharp drcp between 2 end 3 microns.    This curve has been 

made from chemically pure magnesium oxide because it was not feasible to use 

the crea close to the salt window of the Goley Detector for producing freshly 

sacked magnesium oxide without possible damage to the window.    It was also 

iaprsctice.1 to product the freshly sacked mEgnesIua oxida outside the Instru- 
• 

* 



TABLE   53. UNCLASSIFIED 
THE CALCULATION OF THS CORRECTION FACTORS V. 

JHfi SQEfiSSIIflfl FACTORS IQB Jl    J^XEII££LX^£Fi£CJ^a_^UR2A^E    (  BASED ON 
JttE Syi?^R.£Iiir2lSS-.) 

DRUM READING smaLEaiH iw mcsa&s EAoms  

UP TO 2040 
2030 
2020 
2010 
2000 
1990 
1980 

• 1970 
I960 
1950 
1940 

. 1930 
1920 
1910 
1900 
1390 
1880 
1870 
I860 

50 
AQ 

FROM 1830 ON 

to 0.845 
0.870 

' 0.90C 
0.940 
0.975 
1.005 
1.050 
1 095 
1.-140 
1.200 
1.283 
1.360 
1.450 
I.56O 
1.690 
1.860 
2.040 
2 210 
<£«4few 

2 670 
2 * 370 
3.020 

1.81 
1.80 
i.79 
i.76 
1.74 
1.70 
I.69 
1.68 
1.67 
I.67 
i.67 
1.67 
1.66 
1.66 
x.66 
I.67 
I.67 
1.6a 
1.69 
1.70 
i    *? 

40. 
* 



lent and  then i- •-.'-'. it  into  the  s'acil  ."-"?;•  without 'Innsre to  the uniformity 

The uueition remained fc.ilch of the two correction factors would 

Bpply to• cei rurracea which -IX I,.,  u have ft  slight semi-glcss end would 

appeVr to be fc-Hw^ea th ■ speculrr r.nd the diffurely reflecting substances. 

For comparison,  studies  i .re made using the" Beckmsn Spectrometer 

with Reflection £tttehment on th?fe  surfaces.    Its chr-rret.?ristics pre 

well known *nd h?ve tef'n dlseucsei in the Supplement ,  pcge 3 , of the 

Find Report cf the preceeding contract    (BA-.<U-009-eng-652) v    Where SJQ 

agreement between the  Eeckman r:i:   the Perkin-Slmer was  to '•-€  expected, 

both factors ver^ epplied and  shoved the following: 

f)   To pigraented finishes of ecme degree cf hiding power,' the diffuse 

reflection fector is to be epplied.    The diffuse reflection factor applied 

elso to such- complex au tter es leaves of trees where the beam penetrating 

.   specimen surfece is entering a network of substance matter which gives 

them the diffusely reflecting characteristic. 

v]  i..  3 ,'.  .uuinL powei  ü  so low tue s/ t^je * i üB is uranspfrenL 

in the visible reuge,r.na where the specimen is applied on a specularly 

ecting surface,  such as polished aluminum,   the specular lector had to 

pplied.    This refers,  for instance,  to e dispersion of 325-msah Mica 

in plkyd rssin on polished aluminum or similar ntter-iels. 

LX. 
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IJ \r,f A S5S f F2IFE:A5UR£KENT 0£ BACKGROUND MATERIALS 
a.INTRODUCTION 

In en evaluation of camouflage materials it ie of primsry importance 

to know the reflection spectrum of the background Esteriels studied under 

corresponding conditions.    The number of possible background materials is 

so greet that within the scops of this project a limited number of groups 

only have been studied in the hope that from these some deductions of a 

Tße original vork program included therefore a.rtuaber of green' 

leaves, coniferous ,  dry leave3, dry. grata,  ten different soils and 

sands, and three barks of trees.    Daring the- course of the v.-rk it was 

necessary to make some seasonal modificationsj and it was also necessary 

to effiit sot's tests on wet leaves because of the proximity cf the sample 

to the salt window of tke Gol&y Detector.    la collecting the plant Bpeci- 

ciB, the preje-ct had the cooperation of the Sew fork Botanical Gerden; 

end they were selected as they ware available within the scope of ths 

I by the Contracting Officer.     The si iica 

studied'ere Hated la TABL& 59«faeir speetrua ehjfcte are ehown 
es fimires g-1 to 2-21 *t the «nd of the report. 

In : tvo detorslnations at different tiaee for tha various 

epeoiaena, it becas* trident that thara ware variations in the. refleetshos 

of loavas of tha mm tranoh of a trse ) bit. it tSia.oa'tc©£ *ost green 

lsav#s tills refers only to tfca region fcalov 3 aicrons»(figures 2-1,2-3,2-3), 

At wavelengths beyond 3 aierens, tsae« diffartnoas art of » ainor erd«? , 

As:'teoapticn to this **• the preasad, deraaat aapla laaf «hare than vtra 

sons variationi bayoad L »icrons (Figure 2-5},   This variation, havsvar, 

is astu&sd. to result froa variations in tha preasurs appliad on diffareat 

■*<■'■   -*JK 
**. 
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CONTRACT 
prv-TTTON_ 

# 2 a 

# 2 b 

0 2 d 

# 2 8 

•# 2 f 

# 2 g 

# 2 h 

# 2 i 

-   —  J 

if 2 k 

3£EZ£££_IESXED_ 
UNCLASSIFIED SPECTRUM 

JS'&BI-RQ* 
YOUNG WILLOW LEAF ( SALIX FEAGILIS),DRY TOP SIDE    FIG 2-2 

JLJLZJL&JLJJL. 

GREEN MAPLE LEAF (ACER RUBRUM, EASTERN NORTH AMERICA) 
-.11 HOT FEASIBLE 

HOLLY LEA.? DRY. ( ILEX A1TACLARESSIS)  TOP SIEE     FIG 2-3 
SAKE • EOTTOM SIDE    FIG 2-U 

GREEN FOUNTAIN L/.ÜREL ( KALMIA LATIFOLIA) DRY TOP SIDE  FIG 2-1 

GREEN OAK LEAF WET 

# 2 1 

GREEN CONIFEROUS TWIGS ( JACK PINE,'*:';;: BANKSIANA), 
TERN AMERICA .   1 2 

SAME 

PRESSED DORK/NT I'AFLS LEAF DRY (ACER EJJE: 
E; "CA 

OAK LEAF,WINTER COLOR,DRY,  i   DE { QUERCUS BORSALIS 
sriöü) 

GRASS.DRY )W FESCUE ) 

SOIL, *£AND # 18  ( BILT hC II) 

# 72 ( GP05H PINE SILT LOAM, ORE.) 
•# S9  ( V , AFRICA) 
# u3( m H.) 
# 11? ( EUF-LIS CLfY LOAI,CA! U) 
# 117( GRAD* SILT L018,GSOHJIi) 
# U6{ PJUÄAü LOAM, 8. 
tf 1951 COLTS RECK LOAM, S.J.) 

B ( MSSITA SKJHA-LOVfES TEST SITE ) 

BARE« RED C "ALIS ÜA3CXMA) 
BARE« JACE PINE ( FIRUS EANISIANA ) 
BARK» COLORADO SPRUCE ( PISÜS PORDEHOSA ) 

NOT FEASIELE 

FIG 2-7 

2-5 

FiG.2-6 
. 

2—9 
- 2-1Q 
•'.-11 

>-U 

,2-19 
2-20 

FIB.2-21 

43. 

I- 
** I 



areas of the leaf surface due to the veins> 

Certain differences were also observed on different specimens of 

the seme send (Figures 2-9, 2-ii). Dome tests were made to determine the 

reason for this; End it ves found that this is caused by differences in the 

particle size distribution in different samples taken fron e send. This 

was concluded from the following cbservationc: 

1) Different sands react to slight differences in packing of the sample 

to a different degree (See Figures 20, 21, 22 in the Second Technical Report). 

2) Sieving a sand, that is, changing its particle sire distribution, also 

affects its reflectance« 

The differences were in the percent reflectance in certain length ranges 

and not in the gsn?rai course cf the curve. The curve vss therefore plotted 

as the . he determinations. 

'The barks of trees fdlicwad the E?H» gsnaral reflection pattern ss 

the leaves. 

;ts wer? sads on absorption by attaching the leaves to 

ths entrance slit of th ov>    Here, the trsnsaitfced energy WSB 

»o low that the rseults wars within the error limits of the iastrus-rintj 

and the results sre not shewn in ths figures   tha ee@a cf ths eeniferoua 

twigs sod barka, it was not possible to obtain any ueeeblt rssul. 

Tabla 59 «hows thet cssosursssnts on wet lssvaa wart infeeeibls. 

This was bscsuse ths distsnes between ths sasple end tha »It window in 

tha Golay Detector is only cne-aixteenth of an inch and tha wetness $l&& 

easily interfere with the use of tha. salt window« 

1 JMIMSios 
UNCLASSIFIED 

In cooparing all the reflection spectra of thass background oaterials 

&4< 



with  the prints end pigment dispersions  in Paragraphs 3 find L. of the contrfiot, 

it is evident  that the.se background spectra do not correapond to any of the 

peinte on polished aluminum beceusa of  the high reflection peaks of the paints 

on aluminum ia the 3 to 6 micron region« 

^5* 

I 
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CONFIDENTIAL rUr.MfiF MT I Al 
2. THE EFFECT OF PIGMFJjT PARTICLE SHAPE ON THE WATER1 rhaSTjifi'l'ON AND T^E. 

RESyLJS^CHA^K.QSI  THE INFRARED REFLECTANCE OF A CAMOUFLAGE PAIMT. 

SECRET UtTIflt 
B^NTRODOCTION 

Paint chemists have brought up  the question repeatedly whether or 

not certain pigment perticle shapes can influence the weter penetre.tion 

characteristics of en applied pigmented paint*      It hes been pointed out 

especially that platy pigments can orientate themselves in e paint film 

with their flat surfaces parallel to the paint surface,  thus forming 

jisture barrier in the paint«    In this respect,  platy-mice hes been 

ced as a pert of the « tetion in house peints,  in transfer 

js and in other applications.    It was therefore of interest to study 

whether or not the perticle shape of pigments in general will hsve en 

influence on the camouflage characteristics of pigmented paints when their 

reflectance in the Infrared is measured in dry,  in wet,  end in recovered 

lition. A*»; :-«:>.--»>£T. -, 
PROGRAM yUilrlUcn I lUL 

^sr  The contrsc idea,  therefore, for e study of the effect of 

tide sbepe on the water penetration and the resulting char 

in the Infrared characteristics of a ctmouflege pelnt.    Hereby,  each 

selected shape was used as 10056 pigment in the vehicle} was 

applied on aluminum and on black background. The paints were then studied 

with respect to their infrared characteristics under the following 

conditionä: 

a)  The «dry paint* 

.    b) The psifit after 4 bra» water isssersion»(increased to 72 hrs.).-.      ,_ 

c) 'The. Esint-.after M hrs= vatar tessrsion (increased to 72 hxa).;        ; 

d) Tie paints which showed the greatest resistance« to -.water, iaasarsion 

■       ■- 

- 



d , , _ .    CONFIDENTIAL 
End c;   should  be .immer sec CJ.SC  in 5% Haul  for cU In b) 

spectre 1 reflectrnce curve determined  egrin* 

e) All immersed panels ellcwed to dry et 30°C.   for ZU hrs.  end 

then  tetted cgein. 

f) The  two coatings with pigment particle shrpes showing the highest 

end the lowest moisture penetreticn mixed 1:1 with chromium cxide in ? 

ccFting employing the srme vehicle es used before "fmd  the ccrting tested 

in similar manner ee before. 

g) The.two pigments of different particle shape which shewed the 

greatest resistance tc ure penetration in the vehicle used before used 

Egein as 100* pigoent content in a  second vehicle which belongs  to the group 

of v             vl  Ion type camouflage prints. 

As the work progressed,   it beceae evident thet with respect to 

b) and c)  the influence of the 4- hr. and the 2L, hr. water insaersion on the 

reflectcnce of dried paints was of a very minor order.    The period of we 

Imersicn was Increased therefore to 7£. hrs„    Vita respect .ast re- 

that the attack of tie salt water In 21 hr.  iisaersion veg not es great 

as hed generally been expected. 

FurtSiersore, it bseeaa evident that It is rot enough to cesspare 

pigssnts with respect te their particle shape alone.    Where possible, 

pipients under comparison should be cf eltdlpr hiding power or cheaicel 

charecteristics.    For this reason,   the number of pigments staaisd vea 

increased.   The Index of the t>p«etra obtained is given in TABLI 60, pa| 

Th's pciat roapäsltjön   is given in TABLE 6l, pages 51 end 52. 
liM OF RESULfS 

43-50. 

re 

i^ßewariflg the various curves to the piprania studied under 

. - i ci the contract, it is evident thfst no paint tested eladinstsd 

I 
< 
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TABLE 61^ 

TESI FAINTS U^ 1^ THIS MLOMjNCLASS Jp J£D 

PAINT 
NUMBER PIGMENT USED LkS/GkL. COHPOEITIOK 

Acicular red iron oxide: 37.65  120 ptrts red iron oxide. 
Hapico #516 df.rki 200 perta elkyd resin 55%  solids 

Rezyl resin #337-5 
 ; 120 pnrts rvlene.  
Spheroidel red iron oxide:43.15 120 pi'rts red iron oxide 
Maplco red #3£7. 200 p;=rts elkyd resin 55%  solids 
(Referred to.es Iron Rezyl resin #387-5 
Oxide II.)  100 nrrts xylene. 
Cuticel red iron oxide:  .4l„98 120 parts red iron oxide 
Kspico Red 110-2. 200 perts elkyd resin 55$ solids 
(Referred to es.Iron Rezyl resin #387-5 
Oxide I) ; • 105 perts xylene. .  

A ft 5    lumbers omitted. 

Chrone Green I:Vela 
green A IJJJi.' 

7        Chrome Green II:Kudson 
green A-701. 

33.8    . ' parts chrome green. 
200 perts elkyd ;    55?? solids 

■/I  resin #387-5. 
90 parts xylene.  

Aciculer Zinc Oxide:    17,( 
xx eoi. 

Ica 23«i9 
325-sesh. 

33*8 97 parts chrome green. 
20O parts resin 55$ solids 

Rezyl resin #387-5 
irtfl xvleae.  

132 parts zinc oxide. 
200 j i ret in 55* solids 

Reayl resin #337-5 
pg,t 

66 perts mica 
elkyd repin 55% t 

yl resin #337- 
1 

L0 '-;;- 
eate. ASP 100, 

Colored titenius 

Colored titanium 
dioxide II.(M? 860-13) 

L-    21.5 
200 pert 

urn silieete 
resin 55? solids 

Ressyl resin #387-5. 

eetlsate      99 parts KP 860-15 
35.0        200 perts elkyd resin 55$ solids 

Rezyl resin #387-5. 
•?«f oerta rrlena.r 

35.0 99 parts MP 360-13 
200 perts resin 55? solids 

Rezyl resin #387. 
m.pgrts xylene.  

(Continued on next p«=ge) 
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[ABLE 61   (ConcluJcdJ 

PAINT 
"Fit     PIGMENT ÖSSD LDS/ü/:L. 

13   Colored zinc oxide I, iboO 
Y-1784 

UNCLASS /F /ED 
COMPOSITION 

131 pi rts cclor&d rir.c oxide I. 
<00 if rts plkyd resin 55? sclide 

Ra<7irl     >c = lvj    #337 

85 Of rts rrlene>  
14   Colored zinc cxide II.  460O 

D-31 

IS 

101 pnrts colored zinc oxide II, 
154 pfrts fikyd resin 555? solids 

Rezyl resin #387 
55 pg.rts xyler.e« 

15   Spheroidel zinc oxide*  7,7,0   132 parts zinc oxide. 
' .XX 503 ZOO pfrts flkyd resin 55f solids. 

Rezyl resin #337 
100 pprts xrlene. 

l6   Hexegonrl white lend.   56.0   156 ptrte hei L white iefd. 
200 p< rts clkyd resin 555 solide. 

Rezyl resin #387 

.ire of 
ACICUIET zinc oxide XX601 
end 

• oxide X jtl^.  
ture of 
xegon&l white lead 

tnd 
"'"."■ kM - 

66 parts zinc oxide    * 
49 perts chrome oxide 

200 part,s elkyd reein 55^ solids 
ISMLs -387, 

79 parts hexegonal white lead. # 
49 ptrts chroae oxide, 

200 per4:- lids 

19 --of! red cxide (110-2)41.98        30 pfrts  iron oxide 
in eraulsifiebie print. 140 ptrts ? ei-yiic resin ewuision 

Rhopiex AC-33) ■ 
-Jfl-^U^-hLtar,   

Hexagonal wnite lecd 56.O 
in emuisifltfcle ptint. 

92 ptrts he;«i_-.:f'l whits lead, 
121 ptrts pcrylic rssin esuisian 

Rhopiex /C-33) 
4?, arr wpter. 

. 



COijHbLi.iiAL 
in the reflecte-r.ce of the tackground in , fully the differences in t'ne lreflecieTr.ee" of the background in'\ 

ranre to 7 micron». In ftll cases the reflectance on aluminun was £reeter 

than the reflectance on bleck. It is especially clear that none of the paints 

vaa capable of eliminating the higher reflectance erea between 3.5 end 5.8 

microns on polished aluminum. 

The differences between the pigment groups are eumnsrised as 

follows: 

(1) Spheroidal red iron oxide and spheroidal sine oxide II on aluminum 

and on black (FIGURES 3-1 to 3-4): In all tests for the dry peintr, the paints 

eftes 72 hrs. vats? Immersion, and for the recovered paints after 24 hrs. 

air drying, the variations caused by the water issersion were of minor order. 

(2) H&xegonal aluminum silicate ( a pigment extender without eny practical 

Biding power) and hexagonal white lead (a pigment having a high degree of 

.?) (FIC   3-5 to 3-8)s Tfca water penetration effect on the diffuse 

octane© curves was of minor order. Ecwever, the greet difference in 

hiding power of these two pi    .: is evident from the fact that the alkyd 

paint wife aluminum silicate on aluminum haa suck- a high specular reflectance, 

which is caused from the reflectance of the alxwalmia background, that the 

correction factor for specular surfaces (baaed on the rhodium mirror) was 

.applied. Wife the white lead pigsanted paints, the diffuse refleetion factor 

vas used» 

(3) Piety mica extender (FIGURES 3-9 and 3-10)* The hiding power of tills 

material was of such a low order thet the specular correction factor had to 

be, applied. The platy mica end the hexagonal-aluminum silicate behevsd 

differently frca the ether pigments in that they shewed practically no hiding 

power. It is to be pointed cut that the hexagonal aluminas silicate has a 

53- 

VfUiir W - 



these r-IuE.ir.im silierte  fragments ■ -re oore irregulr.r in taitfincs.-  then the 

mic?   prrticleSi    Therefore,  it could hrve " eer. expected  th~t the nier- 

p l »TV? ited pr-iat VOUIG show e nsrsur? sie higher degre-c of Söirtar« penetretiöa 

:::;:■ the rluminum silicate peint;  hut ih bc'-h cfcses the moisture resistance 

*: i. so great that 7?. hrs«. immerrioü in water did not produce differences in 

tie reflectrr.ee of the two Immersed print 3« 

U) üclcul&r iron oxide tad ecicul: r :dnc  .viJc I.;( FIGURE 3-il to 3-U)J 

n-isSe pigment*   ' --■  the cubical pigmtota tastet shoved grerter effect of th« 

vr'ter iximsrsior. cr:  the reflect?-ce spectra  than the pigments of (1),   (2), end 

(:')$ especially whan tested on polishe:l Jluainuia,    With eciculer iron cxide, 

the recoverec paint appears es a lowered reflectance in the 1.5 to £«7 micron 

r rea vhere it drops from ebout 8Q£ reflectance to eböüt 60^;. end in the 4 to 3 

vierer, region it drops from ebout 65? reflectance 'to e.tout 50*0    Between 2.9 

:nd 3*2. microns r-nd 5 „7 end 7„G microns,  the reflectance remained unchenged» 

The aciculsr sine 07J.de II on aluminum shows e. flattening of the reflectance 

peeks below 2*7 aicrcr.c, bit the recovery characteristics rrcund 4 end 5 

microna are etneidarabiy better thrn for the r-ciculrr iron o;:ii?» 

(5) Cable 1 iron oxide (FIGURES 3-15 end 3-16): This pigment I the 

baog«   be ,  U     dry end the vet point of arjy of the pigments 

which were ttu lied»    Tne dry" paint had a large reflection perik between 3.3 

end 5,3    nierons -which rer.theJ  its maximum et 4.9 ffiicrens.    After 72 ars, 

vtsr iuBBcrcicn,  thi3    per - was net there; but it appeared again efter the 

pEint was dried for 24 hVs.as fi lover p=rk»    Tha ^eck dropped from 77? 

reflect?nee for the dry paint before water immersion to 62% reflectance for 

the recovered paint. 

on PUT! 



(6) Mixed pigments:  T*e"chMrt*cY kovJeh^lrt ok  j "*-"     'fie 

group which shows considerrtle wrter effect end one pigment which shows little 

effect from weter should be nixed with chromium oxide end used as mixed 

pigmentation.    For this,  aciculer zinc oxide WB3 selected FS being most 

affected by moisture}  find hexagonal white lead ves selected ES being least 

p.ffected by moisture penetretic.i„     In this selection,  only pigments of 

good hiding power were considered=The curves ere shown in FIGURES 3-17 to 3-20), 

The aciculer zinc oxide vith chromium oxide End elkyd binder shows a drop 

in reflectance bet-ween 4«5 and 5*2 microns from £0^ for the dry paint to 

about 70A for  the peint after 11 hrs. water Immersion»  The recovered peint 

-,•?, 62% reflectance in the saae wavelength region«    The hexegone1 white- 

lead vith chromium oxide and elkyd binder shows negligible variation    in 

reflectance.    The paints on black background show less variation in these 

tests then the paints on polished aluminum» 

(7) Acrylic resin emulsion paintsjThe reflectance levels are lower 

for these prints then for the ether peints studied}  end therefore the 

differences in reflectance were leas evident»  (FIGURES 3-21 to 3-24). 

helesö,   the cubical iron oxide.in acrylic resin eimilsicn dropped in 

reflect«nee in ths wavelength region between A„5 and 5-5 from around 50j£ 

reflectance*    The reflecUnce  of the.wet paint was lower and did 

car reflectance after 24 ars. drying .    In the case of hexagonal 

white lead in ficrylie resin emilsion,  the hiding power in this" region is so 

great that the reflectance oa aluminum remained below 21? bayond 3,2 microns, 

This peint loses reflectance during immersion and recovery in ths 1.0 to 2.0 

micron region where the aaxiaua reflectance drops from about 75^ to below 701?» 

Generally,  the emulsion paints tested were affected very little in their 



CONFIDENTIAL 
bra by the 72 hr0 immersion test.     f \ 

^_      -.-  «■,     f-3 

reflectance  spec 

^^ GONHOEKT^L '       ' " 3 u 
££fffPT The 8tu°y o1  "xa effect of pigment particle shape on water penetration 

end the resulting changes in  the infrered reflectance of a  camouflage paint 

has  shewn: 

e)  That reflectance measurements can be used in comparing the effect of 

water immersion on palate. 

b)  That the water resistance of the paints differed with different 

particle shepea. 

Since    1    se studies had to be made on paints on elu i or seme 

other sclid base,   it was not possible to measure in these esses  the changes 

In absorption also, because the painted panels were not suitable for usa 

as absorption Ln \   e Ferkin-ELmer Spectrometer. Soaa studies en 

absorption were made on free paint films (See pages 62 ff.    )j tut it w 

found that paints having the high, pigaent /volume concentration required 

se studios st the required film thickness of 1 ail have so little 

transmission  (in the csae of any of th8 hiding pi i tasted)  that the 

variEt! lused by water immersion end recovery would fell within the 

Halts of error of the instrument. 

To obtain absorption spectra of unsupported files, vary thin or,8- 

coot peint fil»        It«   : .   rolected where it is difficult to «tea pure eny 

vsriations in fiia-thicknees between different areas of the film.    Since 

the reflection    spectra  shewed the water Inversion effect,  the fact that 

the parallel absorption studies were infetsibla in these cases was felt to 

be of no specifis icporiance, 

That th* paiati on black background showed less «ffect then on . 

aluminas in tikfl? infnmi reflectance ig discussal ea. pogt     61 , 



UNCLASSlr l£D 
4A .HIDING POWER AND EFFECTIVE REFLECTANCE OF PIGMENTS AND PAINTS. 

U .CLASSIFIED 
IJL STATEMENT OF THE PROBLEM 

As originally planned the program included a study of the relation- 

ship between the index of refraction , the hiding power,end the reflection 

characteristics of certain pigments and paints as a function of wavelength. 

A thorough investigation revealed no practical or accurate method for the 

determination of the index of refraction of the dark pigments, especially 

in the Infrared region of the spectrum. As a result only the hiding power 

of the paints and pigments wae studied. 

In industiy the hiding power of a psint is meeeursd In the visible 

a only end the reflectance of an applied paint on a white background 

and on a black background is determined in on« cpscific angle only. As a 

light source a lamp of a vide wavelength range is used end no effort is 

made to' select one limited wavelength range for a ae8suremant. From the 

measuxessat of the refleotance on white background find on black background, 

hiding power is determined as 

isj&satLBs&sstes&ajs:-        '"*—      x  100. 
»ent Hsflftctancs over whits. 

During tie current study the aiding power of the plgaenta sad paints 

was studied in a similar manner except that a substance of high reflectance 

in the far infrared was selected. Since white paint has a low infrared 

reflectance at the longer wavelengths, polished elujninua was used as one 

background material. A black paint was used for the black background. 

Tke contract required that the studies should be sede on     .. - 

a) Two colored sine oxides having different hiding power. 

b) Two chrome greens having different hiding power. 

c) Two iron oxides having different hiding power. 
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I 

d) Two colored titanium dioxides having different hiding power« 

e) One paint.using the seme vehicle for each of these pigments. 
2.   EXPERIMENTAL.   UNCLASSIFIED 
The pigments which were  selected ere listed  in TABLE 62    .     Tne  zinc oxides 

.and the titanium dioxides were selected from knowledge about their general 

hiding characteristics obtained under the previous contract with  the Sponsor. 

Trie chrome greens and the  iron oxides were  selected as examples of their 

groups having different hiding power,according to information from their 

manufacturers.     The work consisted,   therefore,   in first studying the 

reflectance of the sight pigments in the infrared range to 15 microns,  and 

then preparing paints of the same pigment/volume concentre tier, ar.d applying 

them in a thickness of 1 mil en polished aluminum and on a black undercoat. 

After making these determinations,  the reflectance values obtained 

using the correction factors for diffusely reflecting surfaces had to bs 

calculated in the point-by-point application of the equation: 

Hiding Fower =   1 iJj^2£S^SS^IS3L£i^Si^^     x    100% 
b Reflectance over Aluminum. 

Since the change from the Parkin-Elmer Model 12-C to the Model 112 

Spectrometer hed become nacessai the work,  this report give» the 

gpectra charts ^hic« were determined with each of these instruments.    Also, 

the rhodium mirror standard was replasea by the naw sulfur standard for 

diffusely reflecting surfaces during the course of the work. 

In the curves presented in this report,  all measurements which 

were were made with  the single-pass Model 12-e are calculated with the 

rhodium mirror correction fector.    The ae&sureasr;ts made with the single-beta, 

double-pass Model 112 were calculated using the correction factor for diffusely 

reflecting surfaces.    The celculetions of the ratio between the reflectance cf 

tke paiate on black to that on polished aluminum were based on the 'measurements 
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TABLE 62.. UNCLASS Ir UD 

INDEX TO THE CHARTS CF THE PIGMENTS AND PAINTS TESTED UNDER PARAGRAPH 4^ 

PIGMENTS? 

SINGLE PASS INSTRU- 
MENT AND SPECULAR 
CORRECTION FACTOR 

COLORED ZINC OXIDE I (X- 1784) FIGURE 4-1 
COLORED ZINC OXIDE II (D -3D FIGURE 4-2 
CHROME GREEN I ( A UM) FIGURE 4-3 
CHROME GREEN II (A 701) FIGURE 4-4 
SYNTHETIC IRON OXIDE I 

(MAPICO RED 110-2) FIGURE 4-5 
SYNTHETIC IRON OXIDE II 

(MAPICO RED 347) 
COLOPED TITANIUM DIOXIDEI(MP5cO-15) 
COLORED TITANIUM DIOXIDE-II• 

' (MP 360-13) 

PAINTS; 
COLORED ZINC OXIDE I (PAINT #13) 

ON BLACK 
I ALUMINUM 

COLORED ZINC OXIDE II (PAINT #14) 
ON BLACK 
ON     NM 

. CHROME GREEN I (PAINT #6) 
ON B~ACK 
ON ALUMINUM 

CHROME GREEH II (PAINT #7) 
ON BLACK 
ON ALUMINUM 

IRON OXIDE I (PAINT #3) 
ON BLACK 
ON     >UM 

IRON OXIDE II (PAIN! 
BLACK 

ON ALUMINUM 
COLORED TITANIUM DIOXIDE I(PAINT 

ON BLACK 
ON ALUMINUM 

COLORED TITANIUM DIOXIDE Il(PAINl 
ON BLACK 
ON ALUMINUM 

FIGURE 
FIGURE 

4-6 
4-7 

... I 4-3 

FIGURE 4-17 
FIGURE 4-18 

FIGURE 4-19 
4-20 

FIGURE 4-21 
FIGURE 4-22 

FIC 4-23 
FIGURE 4-24 

yn ■ 4-25 
FIGURE 4-26 

FIGURE 4-27 
FIGURE 4-28 

Kl; 
FIGURE 4-29 
FIGURE 4-30 

#12) 
FIGURE 4-31 
FIGURE 4-32 

DOUBLE PASS INSTRU- 
MENT AND DIFFUSE 
CORRECTION FACTOR. 
FIGURE 4-9 
FIGURE 4-10 
FIGURE 4-11 
FIGURE 4-12 

FIGURE 4-13 

FIGURE 4-14 
FIGURE 4-15 

FIGURE 4-16 

FIGURE 4-33 
FIGURE 4-34 

FIGURE 4-35 
FIGURE 4-36 

FIGURE 4-37 
FIGURE 4-33 

FIGURE 4-39 
FIGURE 4-40 

FIGURE 4-41 
FIGURE 4-42 

FIGURE 4-43 
FIGURE 4-44 

. ::' . -: .-.-: 
FIGURE 4—4o 

FIGURE 4-47 
FIGURE 4-43 

RATIOS BETWEEN REFLECTANCE ON BLACK AND ON ALUMINUM (HIDING POWER); 
COLORED ZING OXIDE I (1-1784) 
COLORED ZINC OXIDE II (D-31) 
CHROME GREEN I (A 4444) 
CHROME GREEN II (A 
SYNTHETIC IR01    E l{R£D 110-2) - • - 

: II (RED 347)   

fvxj  - 

- FIGURE 4-49 
  FIGURE 4-50 
- - FIGURE 4-51 
- - FIGURE 4-52 
- - FIGURE 4-53 
- - FIGUR» 4-54 



TABLE    62.   (Continued\jfrjQI ASS If l£«3 

INDEX TO THE CHARTS OF THE PIGMENTS AND PAINTS TESTED UNDER PARAGRAPH ^ 

SINGLE PASS INSTRU-      DOUBLE PASS INSTRU- 
MENT AND SPECULAR MENT AND DIFFUSE 
CORRECTION FACTOR _      CORRECTION FACTOR. j 

RATIOS  BETWEEN  REFLECTANCE ON  BLACK AND ON  ALUMINUM  (HIDING POVER)(CONT1D): 
COLORED TITANIUM DIOXIDE I  (HP 360-15) FIGURE 4.-55 
COLORED TITANIUM DIOXIDE II  (HP 860-13) FIGURE 4-56 

'.  -    - % 
! 

TRANSMISSION MEASUREMENTS ON THIN FREE FILMS OF THE TEST PAINTS: • 
COLORED ZINC OXIDE I (PAINT #13) FIGURE T-l 
COLORED ZINC OXIDE II (PAINT #H) FIGURE T-2 
CHROME GREEN I (PAINT #6) FIGURE T-3 
CHROME GREEN II (PAINT #7)    FIGURE T-4 

LIDE I (PAINT #3)  -"- • FIGURE T-5 
IRON OXIDE II (PAINT #2) ' - FIGURE T-6 
COLORED TITANIUM DIOXIDE I (PAINT #11) FIGURE T-7 
•COLORED TITANIUM DIOXIDE II (PAINT #12) '.- -FIGURE T-3 

fj 
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CfWlDENI'lAL using thVi^\!>rlHtte:^:&c,^llTc 

r"8k£ 

with the new Model 112 using th^n^y5 ^orfe'Ättba'fi-cVorTör d. 
■ ■■    : 

reflecting•surfaces only,. The spectre pre presented es FIGURES 4-1 to 4-43 

1! SlSLofGiflßfiltk 
acaaeT Comparing the reflection spectre of two pigment types, each based 

en the curve obtained with the seme instrument find using the seme correction 

factor, group by group, there is no indicetion that one type of pigment which 

hes e greater hiding power in the visible renge then another pigment \ 

necessarily hes e greater hiding power in the infrared also. "Where there are 

differences, such es between colored zinc oxide I (Figure 4-9) end colored 

zinc oxide II (Figure 4-10), these differences might just es well be caused 

by chemical differences between the two pigments. In the case of iron oxide I 

(Figure 4-13) and iron oxide II (Figure 4-14), the two pigments neve 

comparable chemical characteristics but have different pigment particle shape 

(cubical end spheroidal), end the Influence of these factors sight veil 

influence the spectrum differences es well. 

Studying the paints based on different pigments of comparebli shade 

but different visible hiding power, %: iding power appears clearly 

as a difference in the degree to which the peint      id (alumi-n^Ts or black) 

will show through. The study clearly shows that normal paint thicknesses a 

quite I     rent to different infrared wavelengths. For Instance, comparing 

the intensity of reflection on aluminum at 4.8 aicrons, zinc oxide 1 paint 

(Figure 4-34) has about 50% higher reflectance than zinc oxide XI (Figure 4-36). 

Since this reflection peak is not visible on black, this difference Is a result 

of the difference in hiding power, at lesst at this wavelength. That is, line 

oxide II has twice the capacity to cover the aluminum as zinc oxide I. Similar 

calculations show the seme to be true on other points of the spectrum. 
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The same BpproacS me wave 

peints t*sed on the two iron oxides and applied on  alumü^uiif In both 

investigations, the reflectance at 4.5 microns is approximately 2Qf  lower 

in the case of Iron Oxide I paint (cubical) then with Iron Oxide II paint 

(spheroidal)* That is, Iren Oxide I has 20% sore power to cover the reflec- 

tion of the aluminum than Iron Oxide 'II (Fig-ares 1,-1.2  end U-tX) . Likewise, 

Titanium Dioxide. I paint et the wavelength of 4-3 microns has in both 

studies between 2Q%  end -22* more cape city to cover the aluminum than the 

Colored Titanium Dioxide II (Figures 4-46 end 4—£3) ■ 

Thus different pigments may be compared by comparing the aluminum 

coverage of their paints at the scxe wavelength point, such es 4-8 microns 

or other specific points. This method of measuring the reflectance, 

wavelength by wavelength, on a highly reflecting background appears to be a 

Letter expression of hiding power then the .ratio figure for the visible 

region. These ratios have been determined up to 15 microns and ere shown 

in FIÜUKE3 4-49 to 4-56.  This ratio depends on the presence of lines in 

3 spectrum of tha paint si-ther on aluminum or on black, and this causes 

variations between different curve points} but the curves show that the 

often expressed assumption of  a  drop In hiding power before 3 microns 

is not      rily true for the rest of the infrared spectrum.  The 

calculated ratio curves of Figures 4-49 to 4-56 show good agreement with 

independent studies on the transmission of unsupported films prepared 

from the same paints» 

B,TRANSMISSION STUDIES ON UNSUPPORTED PAINT FILMS. 

UNCLASSIFIED 
In order to determine the transmission of a paint film independent 

of a supporting base the following method was used: 

62. 
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U .CLASSIFIED   priWcfnCM n Al 
I) Each of the paints of Paragraph L  c± the" contra o-.,; • o 

a film thickness of approx. 1 mil ea ths gummed surface öJ ..       . 3 

paper,which was counted on a glass panel in such a canner that it covered 

the glass on ell sides.  In this Banne? ths paint eould not ran to the 

63. 

CONFIDENTIAL 
UPfiilr55!* 

uncoeted side of the  oaoer. 
UNCLASSIFIED j 

2) The paint on the  crown paper was teen dried in an oven at 50°C. - - - - j 

end then at ?0°C.  for JO min. 
UNCLASSIFIED 

3) The paper was then removed from the glass end cut into strips which 
* 

were immereed In lukewarm water. : 

UNCLASSIFIED 
L) After tha has penetrated the peper to the fila,  the fila 

loses its adherence  to the paperj end the films wsre thsn-washed free of 

any remain!!: '*;£ *^a with water end soft cotton. 
UNCI :~1E0 

5) The paint fill a then suspended and allowed to dry over rJLght . 
IF IE D ; 

6) The fila could be used in tests by attaching it directly to the 

•snfcrence slit of the monochromator and the t* Ltted radistioa 1 ed. 

Vhen the fila thickness of 1 ail was used in the tests, the 

transmission spectra remained eo low that it was generally within ths limits 

of error for the instrumentation.    In order to get a measurable degree of 

transmission, other x sre prepared' using paint which was tteinneds *n* 

in this manner a -try thin paint fila was obtained.    Since in thobfi t»in 
■ 

layers,  any difference in fila thickness on different points of the film 

would amount to a considerable percentaga of the total fila thickness, an 
I 

attempt was made to apply s seeona thin coet ever the first coat aftar it 

hed dried»    These Bpeciaen« were marked in the curves as one-Coat or twe- 

ccat films (Figures T-l to T-8). Hare, »lso,ih« two-coat fila« have e very 

low transmission} nevertheless, Titanium Dioxide II {Paint #12) had to be 

■ 

_— 



■'.NFiDJEN'flAL 
shown es e two-coat film (Figure T-3).sines the one-col have 

enough- strength to be removed frca the guEaed paper end handled as en 

unsupported filnu 

(lo-.OT-ol  1 IT 4+      Vl^O      Vsnn       **„*-,»,J       «U »       ■» -       4- B r. 4- f _ - *.' —- 4 _ 4>       fll-      4 — l^.iSr"ii} |     iv    *»ww     wCv.1.*    *wn»J     w.u' u    j.n     bcuwxug uuc    ^<--L..o    11ÜU    .4.44 

e  fills thickness cf 1 nil,  the measurable tranesission for the instrument 

beam is extremely low end remains within the limits of error for the 

Perkin-Slmer Spectrometer even with the use cf the Stupekoff Glower with 

its high energy .    Tais is in Bgreement with cur attempts to measure the * 

transmission through natural filme such es green leaves, grass or bark. 

v« ," ' Lnt filai '  h were prepared were tested for 

leir transmission and the results were compered with the biding power 

•es which had been obtained by calculating the reflection spectre of 

the same peintj.in-1 mil thickness obsr black End over polished aluminum. 

C«C MMR1   " 7R CURVES. ' ' 

t that working witij very thin.films can cause 

con$J tion in film thickness end therefore in transmission, the 

diffareaceo is two test runs on two different espota cf the film vere quite 

close in this study. 

In transmission curve of Sine Oxide I (Figure T-l) 
- 

■ 

with the hiding povsr curve (Figure 4-49) for the eame neterisl obtained 

sy dstermining the ratio of the reflection on black and on eluminuu 

Miltiolied by 100, the following results were found; 

VAVELEWGTa     _   fi!2MG_WXa TRjWS-CSSIOS 

3.0 to 5*5 sicrons High Lev 

5,5 to 6.0 aisrons High Low 

Around, 9.0 microns High Low 

Lev InersEsed 

A/ --•_.. 

'•*.:   '>'--: :       i'l 
,-.--;---•'--' ": 1 . ■    "        ■ .- -■:   v 

'111' ' '  ?.- ~ *"' :':^"''-'1 

* 
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CQöFIDENiiAL    K    &£« 
c"r shows, less transmission (F2-    _ ■"  "• - The Red Iron GxidS . 

indicated by the drop in hiding power at around 3.0 microns to 5 microns 

(Figure 4-53) end egain around 12.0 microns. This must be caused by the 

slightly thicker one-coat film. 

The agreement between the calculated hiding power curves (Figures 

4-51 and 4-52) and the measured transmission curves for the chrome greens 

(Figures T-3 and 4) is also close, as shown below: 

.   WAVELENGTH      " HIDING POWER TRANSMISSION 

2.0 to 6.0 ijicror.s Low ' Increased 

6.5 to 13.0 microns        High Low 

13 to 15 microns Low Increased . 

Again the comparison between the hiding power and the transmission curves 

show hew roach the transmission reading of such thin films wry with alight 

variations in film thickness, which can not be controlled at this- time. 

The Colored Titanium Dioxide I (Figures T-7 and 4-55) shows the 

following characteristics: 

_«_MI    ' - HIDING POWER •■■",. 

3.5 to 7.0 microns        Low High 

13 to 15 microns ' H LOW 

This manner of agreement between two different end independent 

Methods of determination confirms the finding that the hiding power of these 

pigmenta end paints is not of e constant low order, as had often bean as sussed 

for the infrared region} end that the hiding power of pigments end pcinta is 

definitely a function of wavelength and mist be considered for csaouflege 

purposes. 
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CONFlDtiiilAL   ,- 
IV,. CONCLUSIONS 

.     . . i'i 

The  following conclusions may be made  from  rjffi  tJörk on the project: 
U    .'-AS3IFIED 

1) A satisfactory Instrument together with a method has teen developed 

for the measurement tad evrlustion of the infrared reflectrr.ee of epmouflrre 

materials,, 
UNCLASSIFIED 

* 2)  A new stendard for comparing ita infrared reflectance with that of 

diffusely reflecting camouflage materials has been developed.     It is a 

finely divided form of Mu sulfur and is  to be present to at lerst about 30^ or 

more in the  test specimen of the finely, divided sulfur used.  Two sulfurs hpve 

I been used successfully,  one being Flowers öf Sulfur (with about 30^ Ma form), 

the other being a vaporised and quenched sulfur  (with 85A -93? iMu form),, 
UNCLASSIFIED 

I 3)  The water penetration of camouflage, prints of the alkyd and emulsion 

types is dependent upon the pigment selection end upon the pigment particle 

shape. 
UNCLASSIFIED 

4.) Generally  the spheroidal,  hexagonal end plat;- piga >nts  shewed higher 

resistance  to veter penetration then the eciculrr and cubical shapes« 
UNCLASSIFIED 

5) The effect cf water Immersion of L to 21, hrs. bed very little effect 

on the reflection spectrum of alkyd resin end of acrylic resin emulsion 

paints.    Only a  slight lowering in reflectance ves noted efter 12 hrs.  of 

MBKniAL Immersion, 

6) Tne hiding power of csaouflage pigments and paints- tested is definitely 

a function of wavelength end raust be considered BO for camouflage purposes in 

the infrared to_14„iaXcrons. 

7J"^o colorel^pr\xft z$ivOT* eccomplished' complete hiding when applied in 

epprcx,  1 nil dry film thickness on a highly reflecting aluminum surface 

end tested in all infrared Wavelength! to 15 ailerons. 

oo. 
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\ 

3} Very low reflectance in the infrared region, especially beyond 

3 microns, can be achieved ty applying camouflage prints over a blfck 

primer vhich will approach the low reflecting characteristics of most 

background mrterifls beyond 3 or L, microns. 

67. 
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V* 
:    • " NATIONS 

It is  recommended that 
UNCLASSIFIED 

1) The information contained  in the reports  of this contract he 

used *=s F   b?sis  for camouflage purposes  in the infrared regier.- of the  cpectrura. 
UNCLASS IFIED * 

2) Ccnsideretion be riven to e  two—coat system where feasible in order 

to utilize the  transparency in the infrered region of the outer csraouflfge 

coating.  UNCLASS!F.IED 

3) Primer materials be utilized which combine good rast inhibiting 

qualities with the desired infrared reflecting cberrcteristics. 

67,a-. 
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SUPPLIERS, 

PIGKSJTS USED SUPPLIER'S DESIGNATION 
RED SYNTHETIC IRON OXIDE 

Aciculer #516 derk. 

SDheroidel *3ii? 

Cubical #110-2 

CHROME GREEN 

I.Vale Green #A U.LM 

II.Hudson Green      #A-701 ^ 

OXIDE (VHTIE) 
Aciculer type       XX 601 

Spheroids! typ«     XX 503 

PLATX WET GROUND MICA    325~niesh 

HEXAGONAL AI     . SILICATE ASP 100 

2.1SC OXIDE (COLORED) 
1-1784 

II. D-31 
TITANIUM DIOXIDS (COLORED) 

I. MP 860-15 
II. MP 860-13 

UNCLAS3/r ISO 

SUPPLIER 

HEXAGONAL Vßt£' 

CHROME OXIDE 

:• i" 

X 1134 

VEHICLES qsSD. 
Alkyd resin 55? solids, Eszyl Resin#387 

Acrylic resin emulsion. Rboplex AC-33 

Columbian Crrbon Co., Mrpico 
Color Division,Trenton,N.J. 

Same. 

Imperial Paper end Color Corp. 
Pigment Color -Division 
Glens Fells, N.Y. 

Seine. 

New Jersey Zinc Co.,Pelir.?-rton, 
Pa. 

- Same. 

The English Mien Co.,Stemford, 
Conn. 
Edgar Brothers Company, 
Ketuchsn,  N.J. 

ERDL, Fort Ealvoir,  VP. 
Saras, 

ERDL, Fort Eelvoir,  Ve. 
SUM. 

National Lead Co.,Research La bo- 
ra tcriee,  Brooklyn,».!. 
Isperiel Paper end Color Corp. 
Pigaent Celor Division 
Glens Falls,  N.Y. 

American Cranemid Co-, 
Nev York 20,  N.I. 
Rohm end Haas Company, 
Philadelphia, Pa.* •- 
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